The research on marine chlorophyll concentrations, as indicators of phytoplankton abundance, their relations with environmental parameters, and their trends is of global interest. It is also crucial when referring to oligotrophic environments where maintenance or increase in primary production is vital. The present study focuses on the Eastern Mediterranean Sea that is in general oligotrophic. Its primary goal is to explore possible relations between surface chlorophyll-a concentrations and environmental factors. The involved parameters are the sea surface temperature, the wind speed, the wave height, the precipitation, and the mean sea level pressure; their relation with chlorophyll is assessed through the calculation of the relevant correlation coefficients, based on monthly satellite-derived and numerical model data for the period 1998-2016. The results show that chlorophyll relates inversely with sea surface temperature; in general positively with wind speed and wave height; positively, although weaker, with precipitation; and negatively, but area and season limited, with mean sea level pressure. These correlations are stronger over the open southern part of the study area and strongly dependent on the season. A secondary aim of the study is the estimation of chlorophyll trends for the same time interval, which is performed separately for the low and the high production periods. The statistically significant results reveal only increasing local chlorophyll trends that, for each period, mainly characterize the eastern and the western part of the area, respectively.
Introduction
The role of phytoplankton in Earth's system is critical; they are not only responsible for half of the planet's primary production [1] , being in the base of the marine food web [2] , but they also play a major role in the global carbon cycle, affecting climate change in this way [3, 4] . Their growth is mainly controlled by nutrients and light [5] , and they quickly react to environmental factors [4] . An indicator for phytoplankton abundance that is widely used, due to its major role in photosynthesis, is chlorophyll-a (chl-a). Its surface concentrations can be derived through the ocean color property from satellite measurements and they have been proved good phytoplankton proxies [6, 7] . The availability of satellite derived chl-a data has led to extensive related research that is still ongoing and includes chlorophyll's trends and possible relations with environmental variables.
The Mediterranean Sea is an oligotrophic marine environment due to the limited nutrient availability for phytoplankton growth that is enhanced from west to east [8] . The Eastern Mediterranean (E Med) Sea, which is the study area here, presents non-blooming characteristics (i.e., smooth changes in chlorophyll from its lower concentrations during summer to the higher ones in winter) over a The chlorophyll data used were the Copernicus Marine Environment Monitoring Service (CMEMS) product OCEANCOLOUR_MED_CHL_L4_REP_OBSERVATIONS_009_078; these involve the reprocessed surface chlorophyll concentrations (at a 1 km resolution) from multi-satellite observations (SeaWiFS, MODIS-Aqua, MERIS, and VIIRS sensors). This CMEMS product is developed based on regional ocean color algorithms that differentiate between case-1 and case-2 waters [33] [34] [35] [36] . The applied algorithms have increased the accuracy of the resulting products, especially for the low chlorophyll values that characterize the major part of the E Med. It is noted that surface chlorophyll concentrations derived with the use of global ocean color algorithms over-estimated the Med's low chl-a in situ field and were characterized by an absolute percentage difference from the in situ observations that exceeded 100%. The use of the regional-Med algorithm MedOC4 [35] significantly reduced these over-estimations and resulted in absolute percentage differences below 50% from the in situ field. As a consequence, for a study like as the present one that focuses on the oligotrophic E Med waters, this chlorophyll product is considered the most suitable. The environmental data of the study were the numerical products of the European Centre for Medium-Range Weather Forecasts (ECMWF) ERA Interim reanalysis; their spatial resolution is approximately 80 km, but they can be retrieved bilinear interpolated at 0.125°. Specifically, the data retrieved were: the monthly means of daily means for 10 m wind speed, MSL pressure, and SST; the monthly means of daily forecast accumulations for precipitation; and the four analyses per day of the significant height of combined wind waves and swell that were used for computing its monthly means. It is noted that the major part of this study was performed in the framework of a Geographic Information System (GIS).
Monthly averages, as in other studies [5, 15, 30] , were computed for all variables in a 1° × 1° grid of the study area for the study period; that is, 158 points covering the E Med Sea with 216 values each. It should be noted that such a coarse analysis was selected for several reasons: the present study was mainly focused on the open sea oligotrophic area, the absolute percentage errors even of the most suitable chlorophyll product used were still quite large and the native resolution of the numerical model was small. Consequently, the results were more accurate for the open sea that is characterized by less abrupt changes in chlorophyll concentrations. Means of the parameters were The chlorophyll data used were the Copernicus Marine Environment Monitoring Service (CMEMS) product OCEANCOLOUR_MED_CHL_L4_REP_OBSERVATIONS_009_078; these involve the reprocessed surface chlorophyll concentrations (at a 1 km resolution) from multi-satellite observations (SeaWiFS, MODIS-Aqua, MERIS, and VIIRS sensors). This CMEMS product is developed based on regional ocean color algorithms that differentiate between case-1 and case-2 waters [33] [34] [35] [36] . The applied algorithms have increased the accuracy of the resulting products, especially for the low chlorophyll values that characterize the major part of the E Med. It is noted that surface chlorophyll concentrations derived with the use of global ocean color algorithms over-estimated the Med's low chl-a in situ field and were characterized by an absolute percentage difference from the in situ observations that exceeded 100%. The use of the regional-Med algorithm MedOC4 [35] significantly reduced these over-estimations and resulted in absolute percentage differences below 50% from the in situ field. As a consequence, for a study like as the present one that focuses on the oligotrophic E Med waters, this chlorophyll product is considered the most suitable. The environmental data of the study were the numerical products of the European Centre for Medium-Range Weather Forecasts (ECMWF) ERA Interim reanalysis; their spatial resolution is approximately 80 km, but they can be retrieved bilinear interpolated at 0.125 • . Specifically, the data retrieved were: the monthly means of daily means for 10 m wind speed, MSL pressure, and SST; the monthly means of daily forecast accumulations for precipitation; and the four analyses per day of the significant height of combined wind waves and swell that were used for computing its monthly means. It is noted that the major part of this study was performed in the framework of a Geographic Information System (GIS).
Monthly averages, as in other studies [5, 15, 30] , were computed for all variables in a 1 • × 1 • grid of the study area for the study period; that is, 158 points covering the E Med Sea with 216 values each. It should be noted that such a coarse analysis was selected for several reasons: the present study was mainly focused on the open sea oligotrophic area, the absolute percentage errors even of the most suitable chlorophyll product used were still quite large and the native resolution of the numerical model was small. Consequently, the results were more accurate for the open sea that is characterized by less abrupt changes in chlorophyll concentrations. Means of the parameters were also calculated for Environments 2019, 6, 98 5 of 24 each month in order to produce the monthly climatology. Based on this climatology for chlorophyll concentrations that is presented in Appendix A, the year was separated into two periods: the "high production period" (November-April) and the "low production period" (May-October) characterized by higher and lower chlorophyll values, respectively; the mean values for these periods were also computed for each year. The above is consistent with the study of Salgado-Hernanz et al. [32] where chlorophyll peaks were identified for the E Med from January to April and the initiation of chl-a growing period was not found before November even for areas of a highly possible secondary bloom in autumn.
Data's seasonality was removed by subtracting each month's climatology value from the mean monthly value to produce the "anomalies" of the parameters, as is usually implemented [11, 16] . The maximum anomalies observed for the parameters during the study period were checked in order to define the extent of their variations.
The selected parameters (SST, 10 m wind speed, wave height, precipitation, and MSL pressure) with respect to their possible influence on chl-a are described in the introduction section. It is noteworthy that the wave height was also selected here, as it is an environmental factor that is quite similar to the wind but has a greater ability to describe the wind-mixing potential. The significant wave height for a fully developed sea is proportional to the second power of wind speed [37] , quite similar to the wind stress, which mainly determines the wind-mixing and upwelling procedures [15] . According to the authors' knowledge, the wave height is studied here for the first time as an environmental parameter possibly related to chlorophyll concentration.
For detecting possible relationships between surface chl-a and the selected environmental parameters, the correlations between their anomalies were calculated. Although correlations do not ensure a cause-effect relationship, they can be used together with other findings to reach useful conclusions. Chlorophyll data, as well as other parameters' data (especially for precipitation), were not normally distributed for several points. Since the Spearman rank correlation coefficient is quite unaffected by the data distribution (as well as by outliers), it was selected for estimating the correlations between the anomalies of chl-a and the examined environmental factors. These correlations were calculated for all data and separately for the data of the high production period (November-April) and the low production period (May-October); they were also extracted on a seasonal basis for winter (December-February), spring (March-May), summer (June-August), and autumn (September-November). Their values were considered low (small) up to 0.3, moderate between 0.3 and 0.5, and strong (high) when exceeding 0.5. They were considered significant at a confidence level >95% (p-value < 0.05) and only the relevant results are presented.
Chlorophyll trends were computed for the mean values of the high and the low production periods of each year. The idea for such a discrimination originated from the study of Coppini et al. [29] where a chl-a trend calculation was conducted for the summer (May-September) period aiming toward the development of an indicator for eutrophication based on ocean color data that monitors eutrophication trends. In addition, the above mentioned feature differentiates the present study from the several others addressing this topic. First, Spearman rank correlation was applied in order to detect the points presenting significant trends at a confidence level of 95%. Then, for these points, the linear trend was estimated. Trends of the environmental factors examined were also calculated for the time period studied and with the same method for comparison purposes. It is noted that, Spearman rank correlation has been identified as a useful tool for detecting trends with time, giving quite similar results with the Mann-Kendall test [38, 39] , while linear trends are, in general, estimated [11, 31] .
Results
The main characteristics of the monthly climatology for the E Med Sea, as computed from the CMEMS monthly product for the period 1998-2016 (Appendix A) were: the ultra-oligotrophic condition of the southern open sea and especially of the Levantine Basin, which was extremely enhanced during July, August, and September; the highest chl-a values of the NW Adriatic, the gulf of Gabes, and the Nile river plume (NE Africa) coastal regions, which were maintained all year long; the more "productive" regions of the W Libyan Sea, the Sicily Straits, the Adriatic Sea, the W Ionian Sea, and the N Aegean; the Rhodes gyre, which was strongly shown through the monthly climatology during spring; and the specific behavior of the southern Adriatic gyre, which had lower chl-a values than the nearby regions throughout the year, except for March when it showed higher values, presenting blooming characteristics. In general, the E Med was characterized by a high production period that extended from November to April when the higher chlorophyll concentrations were observed (the highest were observed in February for most of the areas) and a low production one from May to October; the chlorophyll climatological mean values for these two periods are given in Figure 2 .
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(a) (b) During the high production period (November-April): SST presents a N-S increasing gradient of 12.4-19.6 °C; the stronger winds were found over the western open sea area, but also in the Aegean; higher waves were present over the open sea, especially over its western part and mainly in the Ionian; lower precipitation amounts were observed over the southern part of the study area, while the Adriatic Sea, the Ionian Sea, the E Aegean, and the northern and eastern parts of the Levantine Basin presented higher values. During the low production period (May-October): SST ranged from 20.0 to 26.3 °C, with the higher values encountered in the E Levantine Basin; stronger winds were found in the Aegean; the area extending from the central Aegean down to Africa was characterized by higher waves; the precipitation was much lower and its higher values were found in the Adriatic, the E Ionian, and the N Aegean. All the above were derived from the relevant climatology which was computed with the use of the ERA Interim dataset for the period 1998-2016 and they are shown in Appendix B for the 158 points studied here.
Chlorophyll Correlations with Environmental Factors
The Spearman rank correlation coefficients between the monthly anomalies of chl-a and the environmental factors of SST, 10 m wind, wave height, and MSL pressure are presented here. It is worth mentioning the maximum anomalies of the examined parameters throughout the study period, which were calculated as a measure of their variability. Chlorophyll anomalies (Figure 3 ), presented their higher values over the Adriatic and the N Aegean Seas, as well as for several near-shore points, exceeding 80% and even 100% of the climatological mean value. For the open sea, they usually ranged between 20 and 60% of the climatological mean depending on the season (and for a few points between 10 and 20%, especially during summer); however, they were larger for the spring period ranging between 30 and 80% of the climatological mean value and even exceeding it, especially for points of the Rhodes gyre region and the Sicily Straits. SST presented lower anomaly values in winter and spring seasons, ranging from 0.5 to 1.5 °C; for the summer and autumn periods, the anomalies were found to be higher over the western and the eastern parts of the study area, respectively, exceeding 2 °C in many places. Wind anomalies were found to be 10-40% of the During the high production period (November-April): SST presents a N-S increasing gradient of 12.4-19.6 • C; the stronger winds were found over the western open sea area, but also in the Aegean; higher waves were present over the open sea, especially over its western part and mainly in the Ionian; lower precipitation amounts were observed over the southern part of the study area, while the Adriatic Sea, the Ionian Sea, the E Aegean, and the northern and eastern parts of the Levantine Basin presented higher values. During the low production period (May-October): SST ranged from 20.0 to 26.3 • C, with the higher values encountered in the E Levantine Basin; stronger winds were found in the Aegean; the area extending from the central Aegean down to Africa was characterized by higher waves; the precipitation was much lower and its higher values were found in the Adriatic, the E Ionian, and the N Aegean. All the above were derived from the relevant climatology which was computed with the use of the ERA Interim dataset for the period 1998-2016 and they are shown in Appendix B for the 158 points studied here.
The Spearman rank correlation coefficients between the monthly anomalies of chl-a and the environmental factors of SST, 10 m wind, wave height, and MSL pressure are presented here. It is worth mentioning the maximum anomalies of the examined parameters throughout the study period, which were calculated as a measure of their variability. Chlorophyll anomalies (Figure 3 ), presented their higher values over the Adriatic and the N Aegean Seas, as well as for several near-shore points, exceeding 80% and even 100% of the climatological mean value. For the open sea, they usually ranged between 20 and 60% of the climatological mean depending on the season (and for a few points between 10 and 20%, especially during summer); however, they were larger for the spring period ranging between 30 and 80% of the climatological mean value and even exceeding it, especially for points of the Rhodes gyre region and the Sicily Straits. SST presented lower anomaly values in winter and spring seasons, ranging from 0.5 to 1.5 • C; for the summer and autumn periods, the anomalies were found to be higher over the western and the eastern parts of the study area, respectively, exceeding Environments 2019, 6, 98 7 of 24 2 • C in many places. Wind anomalies were found to be 10-40% of the climatological mean with a few exceptions up to 50% for all seasons. Wave height anomalies were found to be 30-70% of the climatological value for the winter period, while for the other seasons, they were smaller, except for the N Aegean during summer. They presented their higher values for the Adriatic and the Aegean Seas, and the lower ones over the southern open sea and especially its central parts. Precipitation was the parameter with the greatest anomalies; they exceeded 50% of the climatological mean in all seasons, while over large areas, they were 2-3-fold greater that the climatological average, even during the low production period when the E Med is characterized by low rainfall amounts. MSL pressure anomalies presented a NW-SE decreasing gradient. For the high production period and especially during winter when the higher values were observed, they exceeded 10 hPa over the N Adriatic Sea and went down to 4 hPa over the eastern parts of the Levantine Sea. For the low production period, the anomalies were much smaller, with a higher value of 5 hPa observed for the N Adriatic in October. The amplitude of the parameters' observed anomalies showed that it was worth studying their relations.
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Chlorophyll and 10 m wind speed correlations were found to be positive and significant for 111 out of the 158 points during the high production period (November-April) over the southern parts of the study area and larger for the central parts (E Libyan and S Cretan Seas) where they were moderate to strong (Figure 6a ). For the low production period (May-October), the correlations were very few and low, with 17 points presenting significant values and 5 of them negative ones ( Figure 6b ). When data throughout the year were considered, the results were similar to the ones of the high production period, with 102 points presenting statistically significant positive relationships, but with lower correlations ( Figure A3b ). The seasonal results are shown in Figure 7 . For the autumn period, only 18 out of the 158 points were found with significant and positive correlations between the two parameters, mainly over the E Libyan Sea and the west part of S Cretan Sea with moderate values. The majority of the points (102 out of 158) presenting significant and positive correlations between chl-a and 10 m wind speed were found in winter. They were mainly observed over the southern part of the study area and the higher values (up to 0.8) were found for the S Cretan Sea. In spring, 36 points presented low to moderate positive correlations and their moderate values were found over the S Cretan Sea and the eastern part of the Levantine Basin. For the summer period, only 2 points were found with positive correlations and 10 with negative relations between the two parameters; the latter were mainly found over the southern part of the study area. In conclusion, positive significant correlations between chl-a and 10 m wind speed were calculated for the south seas, excluding summer, and were mainly found in winter, with the S Cretan Sea presenting the higher values. with statistically significant negative correlations between the two parameters, presenting moderate to strong relationships over the south and mainly the southwest parts of the E Med; this was especially true for the Libyan Sea where the correlations were up to −0.7. However, seven points with positive correlations were also found over the SE Aegean and the N Levantine near-shore regions. Spring was characterized by moderate and strong relationships between chl-a and SST for most (88%) of the E Med, mainly excluding the N Adriatic and the northern Aegean. For the summer period, 10 points out of 158 presented negative correlations and 12 points presented positive ones; low negative correlations characterized 43% of the Adriatic Sea and three points of moderate negative relationships were found over the E Levantine Basin, while the points presenting positive correlations were mainly found near the gulf of Gabes. The inverse relation between chl-a and SST was clear, characterized at almost every part of the E Med Sea depending on the season, except for summer, and it was more pronounced in spring. This inverse relationship was also observed for the data throughout the year for 135 out of 158 points that presented statistically significant correlations, especially over the central parts of the south E Med ( Figure A3a ), i.e., the W Libyan, the S Cretan, and the E Levantine Seas.
(a) (b) Chlorophyll and 10 m wind speed correlations were found to be positive and significant for 111 out of the 158 points during the high production period (November-April) over the southern parts of the study area and larger for the central parts (E Libyan and S Cretan Seas) where they were moderate to strong (Figure 6a ). For the low production period (May-October), the correlations were very few and low, with 17 points presenting significant values and 5 of them negative ones ( Figure  6b ). When data throughout the year were considered, the results were similar to the ones of the high production period, with 102 points presenting statistically significant positive relationships, but with lower correlations ( Figure A3b ). The seasonal results are shown in Figure 7 . For the autumn period, only 18 out of the 158 points were found with significant and positive correlations between the two parameters, mainly over the E Libyan Sea and the west part of S Cretan Sea with moderate values. The majority of the points (102 out of 158) presenting significant and positive correlations between chl-a and 10 m wind speed were found in winter. They were mainly observed over the southern part of the study area and the higher values (up to 0.8) were found for the S Cretan Sea. In spring, 36 points presented low to moderate positive correlations and their moderate values were found over the S Cretan Sea and the eastern part of the Levantine Basin. For the summer period, only 2 points were found with positive correlations and 10 with negative relations between the two parameters; the latter were mainly found over the southern part of the study area. In conclusion, positive significant correlations between chl-a and 10 m wind speed were calculated for the south seas, excluding summer, and were mainly found in winter, with the S Cretan Sea presenting the higher values.
(a) (b) Figure 6 . Spearman rank correlation coefficients between chl-a and 10 m wind speed monthly anomalies for the high (a) and the low (b) production periods. Only significant correlations are shown.
The correlations of chl-a and wave height for the high production period (Figure 8a ) were found to be positive and significant over a major part (88%) of the area, i.e., for 139 out of the 158 points. The higher values were calculated for the southern part of the area and mainly in its central parts (E Libyan, S Cretan, and W Levantine regions) where they were moderate to strong, while the Adriatic Sea presented moderate correlations over its eastern and southern parts. During the low production period (Figure 8b) , the positive correlations were few (30 points) and lower, with the S Adriatic and the N Ionian forming a compact region of quite high (up to 0.4) values. The seasonal results for the correlations between wave height and chlorophyll are shown in Figure 9 . For the autumn period, 75 out of the 158 points presented low to moderate positive correlations; their moderate values were mainly found over the south-central part of the study area (E Libyan and western parts of S Cretan and W Levantine regions) and the Aegean Sea. For the winter season, the correlations were like the ones of the high production period but with higher values: 135 points presented significant correlations and only 11 of them presented low values; 47 of these points over the southern part of the sea were characterized by strong correlations, especially over the S Cretan Sea where the values were up to 0.8. In spring, 69 points were found with positive correlations presenting higher values for the southern part of the study area and the Adriatic Sea, while stronger correlations (up to 0.6) were observed for the central Adriatic Sea and the southern part of the Levantine Basin. For the summer period, the correlations over the southern parts of the area resulted in negative values for 29 points, and only parts of the Adriatic, the N Ionian and the E Levantine presented low to moderate positive values (13 points in total). The year-round results ( Figure A3c ) were like the ones found for the high production period but with lower values, with 136 points presenting positive correlations and up-to-moderate values found for the central Adriatic Sea and the south-central parts of the study area (E Libyan Sea, S Cretan Sea, and locally over the Levantine Basin). These correlations, compared to the ones between chl-a and 10 m wind speed, presented similar patterns but resulted in higher values and included more parts of the study area, especially the Adriatic Sea.
the S Cretan Sea and the eastern part of the Levantine Basin. For the summer period, only 2 points were found with positive correlations and 10 with negative relations between the two parameters; the latter were mainly found over the southern part of the study area. In conclusion, positive significant correlations between chl-a and 10 m wind speed were calculated for the south seas, excluding summer, and were mainly found in winter, with the S Cretan Sea presenting the higher values. The correlations of chl-a and wave height for the high production period (Figure 8a ) were found to be positive and significant over a major part (88%) of the area, i.e., for 139 out of the 158 points. The higher values were calculated for the southern part of the area and mainly in its central parts (E Libyan, S Cretan, and W Levantine regions) where they were moderate to strong, while the Adriatic Sea presented moderate correlations over its eastern and southern parts. During the low production period (Figure 8b) , the positive correlations were few (30 points) and lower, with the S Adriatic and the N Ionian forming a compact region of quite high (up to 0.4) values. The seasonal results for the correlations between wave height and chlorophyll are shown in Figure 9 . For the autumn period, 75 out of the 158 points presented low to moderate positive correlations; their moderate values were mainly found over the south-central part of the study area (E Libyan and western parts of S Cretan and W Levantine regions) and the Aegean Sea. For the winter season, the correlations were like the ones of the high production period but with higher values: 135 points presented significant correlations and only 11 of them presented low values; 47 of these points over the southern part of the sea were characterized by strong correlations, especially over the S Cretan Sea where the values were up to 0.8. In spring, 69 points were found with positive correlations presenting higher values for the southern part of the study area and the Adriatic Sea, while stronger correlations (up to 0.6) were observed for the central Adriatic Sea and the southern part of the Levantine Basin. For the summer period, the correlations over the southern parts of the area resulted in negative values for 29 points, and only parts of the Adriatic, the N Ionian and the E Levantine presented low to moderate positive values (13 points in total). The year-round results ( Figure A3c ) were like the ones found for the high production period but with lower values, with 136 points Chlorophyll and precipitation were found to be positively correlated. Low to moderate correlations were calculated for the high production period (November-April) for 62 out of the 158 points over the SSW parts of the study area, especially over the Levantine Basin, near the Sicily Straits and locally over the Adriatic Sea (Figure 10a ). For the low production period (May-October) these positive correlations (observed for 123 points) covered a wide part of the E Med, mainly with the exception of the SW and SE parts; their values showed moderate correlations, with the higher ones (0.4-0.5) for the S Adriatic, the Ionian, the E Libyan, and the S Cretan Seas (Figure 10b ). When data throughout the year were considered ( Figure A3d) , the positive correlations referred to 111 points and they were low in general with a few exceptions of moderate values, mainly for the Levantine Sea. According to the seasonal results ( Figure 11 ), moderate to strong (up to 0.6) positive correlations were found for the central and the southern Adriatic Sea in the spring and summer periods and locally over the N Aegean in the autumn-winter period. The open sea presented low to moderate correlations: over the Ionian in autumn and its west part during summer; locally over the Libyan Sea during all seasons except winter, mainly in summer; over the S Cretan Sea in winter; and the Levantine Sea presented such values during all seasons except summer, mainly in winter. For the winter season and for the other seasons, 63 and 38 out of the 158 points, respectively, were found to present positive relationships between chlorophyll and precipitation. In conclusion, positive significant correlations between chl-a and precipitation were calculated for the eastern parts in winter and for the western parts during the other seasons, mainly in summer. Chlorophyll and precipitation were found to be positively correlated. Low to moderate correlations were calculated for the high production period (November-April) for 62 out of the 158 points over the SSW parts of the study area, especially over the Levantine Basin, near the Sicily Straits and locally over the Adriatic Sea (Figure 10a ). For the low production period (May-October) these positive correlations (observed for 123 points) covered a wide part of the E Med, mainly with the exception of the SW and SE parts; their values showed moderate correlations, with the higher ones (0.4-0.5) for the S Adriatic, the Ionian, the E Libyan, and the S Cretan Seas (Figure 10b ). When data throughout the year were considered ( Figure A3d) , the positive correlations referred to 111 points and they were low in general with a few exceptions of moderate values, mainly for the Levantine Sea. According to the seasonal results ( Figure 11 ), moderate to strong (up to 0.6) positive correlations were found for the central and the southern Adriatic Sea in the spring and summer periods and locally over the N Aegean in the autumn-winter period. The open sea presented low to Chlorophyll and precipitation were found to be positively correlated. Low to moderate correlations were calculated for the high production period (November-April) for 62 out of the 158 points over the SSW parts of the study area, especially over the Levantine Basin, near the Sicily Straits and locally over the Adriatic Sea (Figure 10a ). For the low production period (May-October) these positive correlations (observed for 123 points) covered a wide part of the E Med, mainly with the exception of the SW and SE parts; their values showed moderate correlations, with the higher ones (0.4-0.5) for the S Adriatic, the Ionian, the E Libyan, and the S Cretan Seas (Figure 10b ). When data throughout the year were considered ( Figure A3d) , the positive correlations referred to 111 points and they were low in general with a few exceptions of moderate values, mainly for the Levantine Sea. According to the seasonal results ( Figure 11 ), moderate to strong (up to 0.6) positive correlations were found for the central and the southern Adriatic Sea in the spring and summer periods and locally over the N Aegean in the autumn-winter period. The open sea presented low to moderate correlations: over the Ionian in autumn and its west part during summer; locally over the Stronger correlations between chl-a and the environmental parameters were found over the southern open sea, where the results of this study can be considered more accurate due to the coarse analysis. They were negative for chlorophyll and SST over the SW part in winter and all southern parts in spring, and positive between 10 m wind speed and wave height with chl-a over the central S parts and all southern parts, respectively, in winter. Quite interesting were the negative low to moderate correlations between chl-a and wave height that were observed for several points in summer. The correlations of chlorophyll with precipitation were up to moderate and they were found to the eastern part in winter and to the west part during the other seasons. The high production period was characterized by the correlations of chl-a with SST, 10 m wind speed and wave height, while the correlations between chlorophyll and precipitation were present mainly during the low production period, except for the S Levantine parts where they were observed for the high production period.
The correlations between chl-a and MSL pressure were very few in general, low and scattered for the low production period and the seasons of spring, summer, and autumn (not shown). The winter season (Figure 12a ) presented significant negative correlations for 58 out of the 158 points; moderate to strong correlations over the western parts of the study area, near the Sicily Straits and locally over the Adriatic and the Ionian Seas; and up to moderate correlations over the S Cretan Sea, the N Levantine Sea, and at places in the Aegean. The correlations were fewer (they referred to 23 points) and lower when all the high production period was considered, with their higher values mainly near the Sicily Straits (Figure 12b ). Stronger correlations between chl-a and the environmental parameters were found over the southern open sea, where the results of this study can be considered more accurate due to the coarse analysis. They were negative for chlorophyll and SST over the SW part in winter and all southern parts in spring, and positive between 10 m wind speed and wave height with chl-a over the central S parts and all southern parts, respectively, in winter. Quite interesting were the negative low to moderate correlations between chl-a and wave height that were observed for several points in Stronger correlations between chl-a and the environmental parameters were found over the southern open sea, where the results of this study can be considered more accurate due to the coarse analysis. They were negative for chlorophyll and SST over the SW part in winter and all southern parts in spring, and positive between 10 m wind speed and wave height with chl-a over the central S parts and all southern parts, respectively, in winter. Quite interesting were the negative low to moderate correlations between chl-a and wave height that were observed for several points in summer. The correlations of chlorophyll with precipitation were up to moderate and they were winter season (Figure 12a ) presented significant negative correlations for 58 out of the 158 points; moderate to strong correlations over the western parts of the study area, near the Sicily Straits and locally over the Adriatic and the Ionian Seas; and up to moderate correlations over the S Cretan Sea, the N Levantine Sea, and at places in the Aegean. The correlations were fewer (they referred to 23 points) and lower when all the high production period was considered, with their higher values mainly near the Sicily Straits (Figure 12b ).
(a) (b) Figure 12 . Spearman rank correlation coefficients between chl-a and MSL pressure monthly anomalies for the high production period (a) and for the winter season (b). Only significant correlations are shown.
Chlorophyll Trends
All significant surface chlorophyll trends, as calculated for the period 1998-2016, based on the mean chl-a values of each year and separately for the high and the low production periods were found to be positive. They are shown in Figure 13 as percentages of their respective climatological value per year. The Adriatic Sea presented positive chl-a trends for the high production period (1-2% of the climatological value per year). For both the high and the low production periods, significant trends were found for the area near the Sicily Straits (with greater values, 1-2% of the climatological value per year, for the high production period) and the central and south Aegean parts (ranging in general from 0.5 to 1% of the climatological value per year), as well as to a few points of the Ionian and the Libyan Seas. The the S Cretan and the Levantine Seas presented increasing chl-a trends, mainly for the low production period (0.5-1% of the climatological value per year in most cases). In summary: during the high production period, 35 out of the 158 points presented statistically significant increasing trends, up to 2.8% of the climatological value per year, and mainly characterized the western part of the E Med ; for the low production period, the significant trends were observed for more points (58 out of 158), they were again all increases of 0.4-2.5% of the climatological value per year, and they were mainly found in the eastern part of the study area. Figure 12 . Spearman rank correlation coefficients between chl-a and MSL pressure monthly anomalies for the high production period (a) and for the winter season (b). Only significant correlations are shown.
All significant surface chlorophyll trends, as calculated for the period 1998-2016, based on the mean chl-a values of each year and separately for the high and the low production periods were found to be positive. They are shown in Figure 13 as percentages of their respective climatological value per year. The Adriatic Sea presented positive chl-a trends for the high production period (1-2% of the climatological value per year). For both the high and the low production periods, significant trends were found for the area near the Sicily Straits (with greater values, 1-2% of the climatological value per year, for the high production period) and the central and south Aegean parts (ranging in general from 0.5 to 1% of the climatological value per year), as well as to a few points of the Ionian and the Libyan Seas. The the S Cretan and the Levantine Seas presented increasing chl-a trends, mainly for the low production period (0.5-1% of the climatological value per year in most cases). In summary: during the high production period, 35 out of the 158 points presented statistically significant increasing trends, up to 2.8% of the climatological value per year, and mainly characterized the western part of the E Med; for the low production period, the significant trends were observed for more points (58 out of 158), they were again all increases of 0.4-2.5% of the climatological value per year, and they were mainly found in the eastern part of the study area. For the same time period, the trends of the environmental factors SST, 10 m wind speed, wave height, and precipitation are presented in Appendix D. SST presented an increasing trend over a large part of the Ionian Sea for the high production period and over the southern part of the Levantine Sea for both periods ( Figure A4) . These areas were characterized by the absence of a correlation or low correlation between SST and chl-a, and only locally coincide with increasing chl-a trends. For the wave height, a large area of positive trends was found for both periods over the Adriatic Sea, the Ionian, the west part of the Cretan Sea, the N Aegean, and the northern part of the Levantine Sea; a negative trend was calculated for the SE Aegean ( Figure A5 ). Over the Adriatic Sea, chl-a presented an increasing trend, and for this area, the correlations between wave height and For the same time period, the trends of the environmental factors SST, 10 m wind speed, wave height, and precipitation are presented in Appendix D. SST presented an increasing trend over a large part of the Ionian Sea for the high production period and over the southern part of the Levantine Sea for both periods ( Figure A4 ). These areas were characterized by the absence of a correlation or low correlation between SST and chl-a, and only locally coincide with increasing chl-a trends. For the wave height, a large area of positive trends was found for both periods over the Adriatic Sea, the Ionian, the west part of the Cretan Sea, the N Aegean, and the northern part of the Levantine Sea; a negative trend was calculated for the SE Aegean ( Figure A5 ). Over the Adriatic Sea, chl-a presented an increasing trend, and for this area, the correlations between wave height and chlorophyll were moderate mainly during the high production period; similar was the case locally over the Ionian Sea and over the western part of the S Cretan Sea where the two parameters presented strong correlations for the high production period (November-April); over the N Aegean, no increasing trend was found for chlorophyll and its correlations with wave height were found to be low; over the north Levantine Basin, chlorophyll did not show an increasing trend, while the relevant correlations were moderate; over the SE Aegean, where the wave height showed a negative trend, chl-a presented a positive one, and the correlations between them were found to be negative or absent for the low production period. Precipitation and 10 m wind speed did not present significant trends for the high production period. For the low production period, wind presented an increasing trend for the S Adriatic, the Ionian, and locally over the E Levantine, as well as a decreasing one for the SE Aegean ( Figure A6a ); for these regions, no correlation with chl-a was found. A positive trend for precipitation was calculated for the central Adriatic, the E Ionian, the W Aegean, the S Cretan, and the N Levantine ( Figure A6b) . The similar trends for chlorophyll coincide only for the S Cretan Sea where up to moderate positive correlations with precipitation were found. For the majority of the points where chlorophyll trends were met together with trends of other parameters, the results did not contradict-their estimated correlations.
In Appendix E, the chlorophyll concentrations for the high and the low production periods of November 1998-April 1999, November 2015-April 2016, May-October 1998, and May-October 2016 are given in order showing changes in concentrations based on ocean color data, which can be compared to in situ observations.
Discussion

Correlations among Chlorophyll and Environmental Variables
The SST presented an inverse significant relationship with chl-a, which characterized the major part of the study area during the high production period and in spring; this relation was minimized and even inversed in summer. In the study of Katara et al. [16] for the whole Mediterranean Sea, it was found as a preliminary result that all statistically significant correlations between chl-a and SST were negative. The two parameters were also found to be negatively correlated for the Aegean basin [40] and an inverse relation between them was revealed for specific areas of the E Med [19] . This kind of relationship supports the outcome that the strength of stratification, as inferred from the SST, is a major controller of phytoplankton abundance for the nutrient-limited Med Sea. Higher SSTs, representing stronger water column stratification, produce reduced vertical mixing and low nutrient amounts for the surface layer leading to low chl-a concentrations. Such a relation between SST and chl-a was detected for the non-blooming and the intermittently-blooming areas of the entire Med, such as the ones of its eastern part (i.e., the whole Basin except for some coastal parts) [12] . The results found here gave further evidence for the above through the higher inverse correlation of the parameters during the transitional periods of spring and autumn (for the northern part), when the mixed layer begins to become shallow or deepen, respectively [13, 41] . With lower SST values denoting a deeper MLD, the later MLD starts to decrease in spring and the sooner it starts to increase again in autumn, the larger the positive influence it can have on phytoplankton, as seen through chlorophyll concentrations. This was also the case for the SSW part of the study area during winter, according to the MLD of the region. In addition, for the winter season (for the northern part) characterized by the deepest MLD and for the summer when the shallowest MLD was observed [13, 41] , the relative correlations were absent. Furthermore, the inverse correlation between SST and chlorophyll was minimized and even reversed for the summer season, showing the marginal or absent effects of SST decreases in an already nutrient-poor environment. It should also be noted that, although such an inverse relationship was anticipated between SST and chlorophyll or net primary production for the larger part of the oceans [24, 27] , this was not always the case, even for the Med. The two parameters were found presenting opposite trends for the major part of the E Med Sea for the period 1999-2004 in the global study of Behrenfeld et al. [24] . However, areas showing decreases in both SST and net primary production were also found in the same study, especially over the Levantine Basin. For the same time period, the results for the E Med showed decreases in SST along with both positive and negative variation for chlorophyll in another global study [27] . For a longer interval, December 2002-January 2015, the E Med was found to have increases for both chl-a and SST [28] . The latter studies point to the conclusion that SST alone cannot describe chl-a variations [28] .
The significant correlations between chlorophyll and 10 m wind speed were all found to be positive (with the exception of a few points during summer). This positive relation of the parameters mainly characterized the southern parts of the E Med for the high production period and the winter season. The mechanism behind these positive correlations is the wind-induced mixing, which by deepening the MLD, could result in increased nutrient fluxes from the deeper layers to the surface, and as a consequence, to increased chlorophyll concentrations. Such correlations were found for the two parameters in the Med [16] and this inverse relationship was also identified for the Rhodes Gyre area [19] . The most relevant study was the global one of Kahru et al. [15] for the period November 1996-October 2009 on correlations between chlorophyll and wind satellite data throughout the year, which resulted in a similar pattern with the one of the present study: all the significant correlations were found to be positive and they were also mainly recorded over the southern open sea. In addition, the same areas as here were characterized by the higher correlations and comparable values were observed; however, more areas over the Levantine Basin were found to have significant correlations [15] . In the above-mentioned study [15] , such correlations were found for areas with relatively shallow MLDs and nutrients were pointed out as the main limiting factor for phytoplankton growth. This was also the case here for the winter season when the MLD over the southern E Med is, in most parts, shallower than the one of the northern parts [13, 41] ; it is more likely for the wind mixing to deepen a shallower MLD, resulting in more available nutrients for the surface layers. The opposite result was observed during summer, when the deepening of the MLD decreased chl-a [15] . The few positive correlations between wind and chlorophyll that were found here for the summer period could be explained this way. Since the area is characterized by a deep chlorophyll maximum during this season [42] , any deepening of the MLD could only diffuse the limited available nutrients leading to chl-a decreases or to a redistribution of the chlorophyll content down to depths where it is not detected by the ocean color measurements. The absence of correlations between chl-a and wind in the summer period over the Aegean Sea was also consistent with the results of other studies [40, 43] . The prevailing summer winds in the Aegean Basin are northerlies and cause upwelling events over its eastern part that do not influence surface chlorophyll concentrations [40, 43] ; although the present study dealt with the wind speed and not with its direction, no significant correlations of the two parameters were found. All significant correlations between wave height and chlorophyll were positive (except for several points over the S Med during summer). This relationship mainly characterized the high production period and the winter season. In general, these correlations presented, as expected, similar patterns with the ones between wind and chlorophyll. However, their values were higher and more points presented significant positive correlations over the northern parts of the E Med and mainly for the Adriatic Sea. The number of points with significant negative relations between the parameters, for the summer period over the southern part of the study area, were also higher. The mechanism through which higher waves can result in increased chlorophyll concentrations (and decreased ones during summer) are the same as for the wind speed described above. Nevertheless, the wind influence on the sea surface can be better described through the wave height, especially for non-open seas, such as the Adriatic and the Aegean Seas; wind needs fetch to produce higher waves that can mix the water column. In addition, the waves respond to the wind stress, which better describes the wind mixing and upwelling procedures [15] . The results of the wave-chlorophyll correlations found here, which included more areas with significant results than the ones of the wind-chlorophyll relation, point to the conclusion that the wave height is more suitable than the wind speed, especially in cases of non-open sea areas, in studying possible relations with chl-a concentrations.
The significant correlations between chlorophyll and precipitation were all positive and were mainly found during the low production period, with the exception of the southern parts of the Levantine Basin, which presented such correlations in the high production period; in general, low to moderate values were found. An exception of moderate to strong positive correlations was found in the central and southern Adriatic Sea in the spring-summer period. The eastern parts of the study area presented these correlations in winter, while the western parts presented them in the other seasons, mainly in summer. Positive correlations between these parameters were found in the Med Sea [16] and larger precipitation amounts were related with higher chlorophyll values in specific areas of the E Med [19] . Considerable short-lived chl-a increases were recorded after extreme rainfall events during the early autumn and summer periods over the Hellenic Seas and mainly for the E Ionian and the N Aegean Seas; they were attributed to the atmospheric deposition of nutrients into the sea [21, 22] . It is noted that the atmosphere was identified as an additional nutrient source for the E Med [23] , especially during the low production period; the relevant correlations found here characterize a wide area during this period. In addition, the study area is subject to dust deposition that was found to be positively correlated with chlorophyll [44] , and in its wet form can result in significant chl-a increases [45, 46] . MSL pressure and chlorophyll were found to have significant negative correlations over quite a large area only for the winter season, mainly over the western part of the E Med where these correlations were larger. It is noted that MSL pressure monthly anomalies also had higher values over the western part where the majority of these correlations were found. One could argue that the areas presenting significant inverse correlations between the two parameters are also affected by deep barometric lows [25] that induce strong winds and high rainfall amounts.
Temporal Trends in Chlorophyll Concentrations
All the significant surface chlorophyll trends, estimated separately for the high and the low production periods of 1998-2016, were found to be positive. They mainly characterized the western part of the study area during the high production period and the eastern part for the low production period. They were not contradictory to the trends of the other parameters when seen together with their relevant correlations.
In a recent study of the same time period, only increasing chlorophyll trends were found [31] . Despite the different approaches followed, i.e., the present study was conducted using a much coarser analysis and it discriminated between the high and the low production periods, similar results in defining both the areas presenting significant trends and the trend magnitude were found. The results here, compared to another long-term study of Salgado-Hernanz et al. [32] for the time period 1998-2014, were in partial agreement regarding the increasing chlorophyll trends in the Adriatic Sea and the Sicily channel. On the other hand, in the above-mentioned study [32] , a low decreasing trend was found for the rest of the E Med, which was not observed in the present work. For the E Med, the results of several studies presented considerable differences: mainly decreasing chlorophyll trends were found for 1998-2003 [11] ; from 1979-1983 to 1998-2002 increasing trends for both SST and chl-a were observed, while for 1999-2004, a decreasing trend for SST along with increasing and decreasing chlorophyll trends were found [27] ; for the May-September period of 1998-2009, positive and negative chl-a trends were calculated [29] ; both decreasing and increasing chl-a trends were estimated for the period 1998-2009, along with much greater trend magnitudes [30] ; and only increasing trends for both chl-a and SST were found for December 2002 to January 2015 [28] , similar to the present study. Such different estimations were also found in studies referring to other parameters, i.e., for SST trends [27, 28, 47] and precipitation trends [48, 49] , when comparing them and in respect to the present work. However, for SST, most of them resulted in increasing trends [28, 47] . The results of the studies mentioned above [11, [27] [28] [29] [30] [31] [32] were described so briefly because it is obvious that the trend estimation is highly dependent on the time period studied. Much longer time series are needed for the detection of trends in order to reach safer results, exceeding 30 years, which is the usual practice for meteorological parameters; this has also been proposed for phytoplankton's climate-driven trends [50] .
Regarding environmental variables' future changes that have been predicted by climate models for the Med, e.g., an increase for SST [47] and a decrease in precipitation [14, 49] , it is crucial to reveal the possible relations between these variables and chlorophyll concentrations. The estimation of the relevant correlations can unveil aspects of these relations. According to the results of the present study, the predicted future increase in SST and decrease in precipitation mentioned above could lead to chlorophyll decreases. However, the respective studies are quite scarce, especially for precipitation, upon which more work needs to be done. In addition, studies over long time series, such as the one conducted here, but with higher spatial resolution, are proposed. As far as the chlorophyll trends are concerned, which have been more extensively studied with controversial results, longer and more homogenous time series are required to be built.
Conclusions
The main results of this work can be summarized for the study area of the E Med and the period 1998-2016 as follows: SST was inversely related to surface chl-a in the major part of the Sea; this relation was more pronounced in spring and not valid for the summer season. Wind speed and mainly wave height were positively correlated with chlorophyll, especially over the southern open part of the Sea; however, during the summer period, a negative relation was observed. For precipitation and chl-a, all the significant correlations were positive and mainly valid for the low production period. MSL pressure and chl-a presented significant negative correlations for the winter season and mainly over the western part of the Sea. All the significant surface chlorophyll trends were found to be positive; nevertheless, the trend estimation requires much longer time series than the available ones. (e) (f) (g) (h) Figure A2 . SST (a,b), 10 m wind speed (c,d), wave height (e,f), and precipitation (g,h) climatology for the period 1998-2016 of the 158 points studied here for the high (November-April) and the low (May-October) production periods, respectively, as derived from the ERA Interim data set.
Appendix C
Spearman rank correlation coefficients between the monthly anomalies of chl-a and the environmental factors examined on a yearly basis are presented in this appendix.
(a) (b) Figure A2 . SST (a,b), 10 m wind speed (c,d), wave height (e,f), and precipitation (g,h) climatology for the period 1998-2016 of the 158 points studied here for the high (November-April) and the low (May-October) production periods, respectively, as derived from the ERA Interim data set.
Spearman rank correlation coefficients between the monthly anomalies of chl-a and the environmental factors examined on a yearly basis are presented in this appendix. (e) (f) (g) (h) Figure A2 . SST (a,b), 10 m wind speed (c,d), wave height (e,f), and precipitation (g,h) climatology for the period 1998-2016 of the 158 points studied here for the high (November-April) and the low (May-October) production periods, respectively, as derived from the ERA Interim data set.
Spearman rank correlation coefficients between the monthly anomalies of chl-a and the environmental factors examined on a yearly basis are presented in this appendix. 
Appendix D
The trends of the environmental factors of SST, 10 m wind speed, wave height, and precipitation for the period 1998-2016 are given here. It is noted that these results are not representative for climate studies since they refer to a limited time period. (a) (b) Figure A6 . The 10 m wind (a) and precipitation (b) trends (% of the climatology per year) during 1998-2016 for the low production period. Only significant trends are shown. For the high production period, no significant trends were detected. Figure A6 . The 10 m wind (a) and precipitation (b) trends (% of the climatology per year) during 1998-2016 for the low production period. Only significant trends are shown. For the high production period, no significant trends were detected.
